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(57) ABSTRACT 
A VA-mode liquid crystal display device having a high dis 
play quality is provided. A liquid crystal display device 
according to the present invention includes a vertical align 
ment type liquid crystal layer; a first Substrate and a second 
Substrate facing each other with the liquid crystal layer inter 
posed therebetween; a first electrode provided in the first 
Substrate on the liquid crystal layer side and a second elec 
trode provided in the second substrate on the liquid crystal 
layer side; and a first alignment film provided between the 
first electrode and the liquid crystal layer and a second align 
ment film provided between the second electrode and the 
liquid crystal layer. The liquid crystal display device includes 
a plurality of pixel areas located in a matrix. Each of the 
plurality of pixel areas includes a first liquid crystal domain in 
which a tilt direction of liquid crystal molecules at the center 
and in the vicinity thereof in a layer plane and in a thickness 
direction of the liquid crystal layer when a Voltage is applied 
between the first electrode and the second electrode is a 
predetermined first direction, a second liquid crystal domain 
in which such a tilt direction is a predetermined second direc 
tion, a third liquid crystal domain in which Sucha tilt direction 
is predetermined third direction and a fourth liquid crystal 
domain in which such a tilt direction is a predetermined fourth 
direction; a difference between any two among the first direc 
tion, the second direction, the third direction and the fourth 
direction is approximately equal to an integral multiple of 90 
degrees. 

17 Claims, 19 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY DEVICE 

This application is the U.S. national phase of International 
Application No. PCT/JP2010/002646, filed 12 Apr. 2010, 
which designated the U.S. and claims priority to JP Applica 
tion No. 2009-101273, filed 17 Apr. 2009, the entire contents 
of each of which are hereby incorporated by reference. 

TECHNICAL FIELD 

The present invention relates to a liquid crystal display 
device, and specifically a liquid crystal display device having 
wide viewing angle characteristics. 

BACKGROUND ART 

Liquid crystal display devices have been improved interms 
of display characteristics, and are now used for TV receivers 
and the like more and more widely. The viewing angle char 
acteristics of the liquid crystal display devices have been 
improved but are desired to be further improved. Especially, 
the viewing angle characteristics of liquid crystal display 
devices using a vertical alignment type liquid crystal layer 
(also referred to as the “VA-mode liquid crystal display 
devices') are strongly desired to be improved. 
VA-mode liquid crystal display devices currently used for 

large display devices of TVs and the like adopt a multi 
domain structure in which a plurality of liquid crystal 
domains are formed in one pixel in order to improve the 
viewing angle characteristics. A mainly used method for 
forming the multi-domain structure is an MVA mode. The 
MVA mode is disclosed in, for example, Patent Document 1. 

According to the MVA mode, a pair of Substrates facing 
each other with a vertical alignment type liquid crystal layer 
interposed therebetween each include an alignment regula 
tion structure on a Surface thereof on the liquid crystal layer 
side. Owing to Such alignment regulation structures, a plural 
ity of domains having different alignment directions (tilt 
directions) of liquid crystal molecules (typically, there are 
four types of alignment directions) are formed in each pixel 
area. As the alignment regulation structures, slits (openings) 
or ribs (protrusion structures) provided in or on electrodes are 
used, and an alignment regulation force is exerted from both 
sides of the liquid crystal layer. 

However, in the case where the slits or ribs are used, unlike 
in the case where the pretilt directions are defined by align 
ment films used in the conventional TN mode, the alignment 
regulation force on the liquid crystal molecules is nonuniform 
in the pixel area because the slits and ribs are linear. This 
causes a problem that, for example, there occurs a response 
speed distribution. There is another problem that since the 
light transmittance of an area where the slits or ribs are pro 
vided is lowered, the display luminance is decreased. 

CITATION LIST 

Patent Literature 

Patent Document 1: Japanese Laid-Open Patent Publication 
No. 11-242225 

SUMMARY OF INVENTION 

Technical Problem 

In order to avoid the above-described problems, it is pref 
erable that even in a VA-mode liquid crystal display device, 
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2 
the multi-domain structure is formed by defining the pretilt 
direction by means of alignment films. However, as a result of 
various studies, the present inventors found that when the 
multi-domain structure is formed by Such a method, align 
ment disturbance unique to VA-mode liquid crystal display 
devices occurs and the display quality is lowered. Specifi 
cally, in the vicinity of an edge of a pixel electrode, an area 
darker than the remaining area (dark line) appears parallel to 
the edge, and this lowers the transmittance. 
The present invention made in light of these problems has 

an object of providing a VA-mode liquid crystal display 
device having a high display quality. 

Solution to Problem 

A liquid crystal display device according to the present 
invention includes a vertical alignment type liquid crystal 
layer; a first Substrate and a second Substrate facing each other 
with the liquid crystal layer interposed therebetween; a first 
electrode provided in the first substrate on the liquid crystal 
layer side and a second electrode provided in the second 
Substrate on the liquid crystal layer side; and a first alignment 
film provided between the first electrode and the liquid crystal 
layer and a second alignment film provided between the sec 
ond electrode and the liquid crystal layer. The liquid crystal 
display device includes a plurality of pixel areas located in a 
matrix. Each of the plurality of pixel areas includes a first 
liquid crystal domain in which a tilt direction of liquid crystal 
molecules at the center and in the vicinity thereof in a layer 
plane and in a thickness direction of the liquid crystal layer 
when a voltage is applied between the first electrode and the 
second electrode is a predetermined first direction, a second 
liquid crystal domain in which Such a tilt direction is a pre 
determined second direction, a third liquid crystal domain in 
which such a tilt direction is a predetermined third direction 
and a fourth liquid crystal domain in which Such a tilt direc 
tion is a predetermined fourth direction; a difference between 
any two among the first direction, the second direction, the 
third direction and the fourth direction is approximately equal 
to an integral multiple of 90°; the first liquid crystal domain is 
close to at least a part of edges of the first electrode, and the at 
least a part includes a first edgeportion, wherein an azimuthal 
angle component of an alignment regulation force caused by 
an oblique electric field generated in the vicinity of the first 
edge portion and an azimuthal angle component of an align 
ment regulation force caused by the second alignment film are 
opposite to each other, and the second Substrate includes a 
first rib provided in an area corresponding to the first edge 
portion. 

In a preferable embodiment, the first direction has an angle 
exceeding 90° with respect to an azimuthal angle direction 
perpendicular to the first edge portion and directed to the 
inside of the first electrode. 

In a preferable embodiment, the first rib includes an inclin 
ing first side face, an inclining second side face located outer 
to the first side face, and an apex defined between the first side 
face and the second side face; and the first rib is located such 
that the apex is located outer to the first edge portion and that 
the first edge portion overlaps the first side face. 

In a preferable embodiment, a heighth (Lm) of the first rib, 
a width w (Lm) of the first rib and a thickness d (Lm) of the 
liquid crystal layer fulfill the relationship of the following 
expression 1: 

5d exp(-0.18w)shs 12d exp(-0.13 w) (1) 

In a preferable embodiment, the height h (Lm) of the first 
rib, the width w (um) of the first rib and the thickness d (um) 
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of the liquid crystal layer fulfill the relationships of the fol 
lowing expressions (2), (3) and (4): 

2sds6 (2) 

10sw's30 (3) 

0.6shsd (4) 

In a preferable embodiment, the first edge portion is gen 
erally parallel to a vertical direction of a display plane. 

In a preferable embodiment, the second liquid crystal 
domain is close to at least a part of the edges of the first 
electrode, and the at least a part includes a second edge 
portion, wherein an azimuthal angle component of an align 
ment regulation force caused by an oblique electric field 
generated in the vicinity of the second edge portion and an 
azimuthal angle component of an alignment regulation force 
caused by the second alignment film are opposite to each 
other; and the second substrate includes a second rib provided 
in an area corresponding to the second edge portion. 

In a preferable embodiment, the first direction and the 
second direction make an angle of about 180° with respect to 
each other. 

In a preferable embodiment, the first edge portion and the 
second edge portion are generally parallel to the vertical 
direction of the display plane. 

In a preferable embodiment, the first liquid crystal domain, 
the second liquid crystal domain, the third liquid crystal 
domain and the fourth liquid crystal domain are each adjacent 
to the others of the liquid crystal domains and are located in a 
matrix of 2 rowsX2 columns. 

In a preferable embodiment, the first liquid crystal domain, 
the second liquid crystal domain, the third liquid crystal 
domain and the fourth liquid crystal domain are located Such 
that the tilt directions in adjacent liquid crystal domains 
among the first through fourth liquid crystal domains are 
different by 90° from each other. 

In a preferable embodiment, where an azimuthal angle of a 
horizontal direction of the display plane is 0°, the first direc 
tion is about 45°, about 135°, about 225° about 315°. 

In a preferable embodiment, the third liquid crystal domain 
is close to at least a part of edges of the first electrode, and the 
at least a part includes a third edge portion, wherein an azi 
muthal angle component of an alignment regulation force 
caused by an oblique electric field generated in the vicinity of 
the third edge portion and an azimuthal angle component of 
an alignment regulation force caused by the second alignment 
film are opposite to each other; the fourth liquid crystal 
domain is close to at least apart of edges of the first electrode, 
and the at least a part includes a fourth edge portion, wherein 
an azimuthal angle component of an alignment regulation 
force caused by an oblique electric field generated in the 
vicinity of the fourth edge portion and an azimuthal angle 
component of an alignment regulation force caused by the 
second alignment film are opposite to each other; and the 
second substrate includes a third rib provided in an area 
corresponding to the third edge portion and a fourth rib pro 
vided in an area corresponding to the fourth edge portion. 

In a preferable embodiment, the liquid crystal display 
device according to the present invention further includes a 
pair of polarizing plates facing each other with the liquid 
crystal layer interposed therebetween and located such that 
transmission axes thereofare generally perpendicular to each 
other. The first direction, the second direction, the third direc 
tion and the fourth direction each make an angle of about 45° 
with respect to the transmission axes of the pair of polarizing 
plates. 
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In a preferable embodiment, the liquid crystal layer con 

tains the liquid crystal molecules having a negative dielectric 
anisotropy; and a pretilt direction defined by the first align 
ment film and a pretilt direction defined by the second align 
ment film are different by about 90° from each other. 

In a preferable embodiment, a pretilt angle defined by the 
first alignment film and a pretilt angle defined by the second 
alignment film are approximately equal to each other. 

In a preferable embodiment, the first alignment film and the 
second alignment film are each an optical alignment film. 

Advantageous Effects of Invention 

The present invention can improve the display quality of a 
VA-mode liquid crystal display device, especially the trans 
mittance thereof. The present invention can also improve the 
display quality of especially, a liquid crystal display device 
having a multi-domain structure formed using an alignment 
film. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows an example of pixel area having a multi 
domain structure in a VA-mode liquid crystal display device. 

FIG. 2 shows the transmittance of the pixel area shown in 
FIG. 1 in the presence of a voltage, found by simulations. 
FIG.3 shows a method for dividing the pixel area shown in 

FIG. 1: FIG.3(a) shows the pretilt directions on the side of a 
TFT substrate 1, FIG.3(b) shows the pretilt directions on the 
side of a CF substrate 2, and FIG.3(c) shows the tilt directions 
and dark lines when a voltage is applied to a liquid crystal 
layer. 

FIG. 4 shows another example of method for dividing the 
pixel area; FIG.4(a) shows the pretilt directions on the side of 
the TFT substrate 1, FIG. 4(b) shows the pretilt directions on 
the side of the CF substrate 2, and FIG. 4(c) shows the tilt 
directions and dark lines when a Voltage is applied to the 
liquid crystal layer. 

FIG. 5 shows still another example of method for dividing 
the pixel area; FIG. 5(a) shows the pretilt directions on the 
side of the TFT substrate 1, FIG. 5(b) shows the pretilt direc 
tions on the side of the CF substrate 2, and FIG.5(c) shows the 
tilt directions and dark lines when a Voltage is applied to the 
liquid crystal layer. 

FIG. 6 shows still another example of method for dividing 
the pixel area; FIG. 6(a) shows the pretilt directions on the 
side of the TFT substrate 1, FIG. 6(b) shows the pretilt direc 
tions on the side of the CF substrate 2, and FIG. 6(c) shows the 
tilt directions and dark lines when a Voltage is applied to the 
liquid crystal layer. 

FIG. 7 is a cross-sectional view showing a part of a pixel 
area of a VA-mode liquid crystal display device, and shows 
the alignment directions of liquid crystal molecules and the 
relative transmittance (frontal direction) which were foundby 
simulations. 

FIG. 8 is a plan view of the area shown in FIG. 7, which 
schematically shows the alignment of the liquid crystal mol 
ecules at the center and in the vicinity thereof in a thickness 
direction of a liquid crystal layer. 

FIG.9 is a plan view schematically showing one pixel area 
of a liquid crystal display device in a preferable embodiment 
according to the present invention. 

FIG. 10 schematically shows the liquid crystal display 
device in the preferable embodiment according to the present 
invention and is a cross-sectional view taken along line 10A 
10A in FIG. 9. 
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FIG. 11 is a cross-sectional view showing a part of a pixel 
area of a liquid crystal display device in a preferable embodi 
ment according to the present invention, and shows alignment 
directions of liquid crystal molecules and the relative trans 
mittance (frontal direction) which were found by simulations. 

FIG. 12 is a cross-sectional view showing a part of a pixel 
area of a liquid crystal display device in a preferable embodi 
ment according to the present invention, and shows alignment 
directions of liquid crystal molecules and the relative trans 
mittance (frontal direction) which were found by simulations. 

FIG. 13 is a cross-sectional view showing a part of a pixel 
area of a liquid crystal display device in a preferable embodi 
ment according to the present invention, and shows alignment 
directions of liquid crystal molecules and the relative trans 
mittance (frontal direction) which were found by simulations. 

FIG. 14 is a plan view schematically showing another 
example of one pixel area of a liquid crystal display device in 
a preferable embodiment according to the present invention. 

FIG. 15 is a cross-sectional view showing a part of a pixel 
area of a liquid crystal display device in a preferable embodi 
ment according to the present invention, and shows alignment 
directions of liquid crystal molecules and the relative trans 
mittance (frontal direction) which were found by simulations. 

FIG. 16 is a cross-sectional view showing a part of a pixel 
area of a liquid crystal display device in a preferable embodi 
ment according to the present invention, and shows alignment 
directions of liquid crystal molecules and the relative trans 
mittance (frontal direction) which were found by simulations. 

FIG. 17 shows the transmittance of the pixel area shown in 
FIG. 14 in the presence of a voltage, which was found by 
simulations. 

FIG. 18 is a cross-sectional view schematically showing a 
liquid crystal display device in a preferable embodiment 
according to the present invention. 

FIG. 19 is a graph showing the relationship among the rib 
heighth, the rib width w, and the transmittance ratio T/T0 in 
the case where the cell gap d 3.4Lm. 

FIG. 20 is a graph showing the relationship among the rib 
heighth, the rib width w, and the transmittance ratio T/T0 in 
the case where the cell gap d 3.4Lm. 

FIG. 21 is a graph showing the relationship among the rib 
heighth, the rib width w, and the transmittance ratio T/T0 in 
the case where the cell gap d=3.2 Lum. 

FIG. 22 is a graph showing the relationship among the rib 
heighth, the rib width w, and the transmittance ratio T/T0 in 
the case where the cell gap d=3.2 Lum. 

FIGS. 23(a) through (l) show examples of dividing patterns 
in the case where one pixel area is divided into four liquid 
crystal domains and the four liquid crystal domains are 
located in a matrix of 2 rowsX2 columns. 

FIGS. 24(a) through (l) show examples of dividing patterns 
in the case where one pixel area is divided into four liquid 
crystal domains and the four liquid crystal domains are 
located in a matrix of 2 rowsX2 columns. 

FIGS. 25(a) through (l) show examples of dividing patterns 
in the case where one pixel area is divided into four liquid 
crystal domains and the four liquid crystal domains are 
located in a matrix of 2 rowsX2 columns. 

FIGS. 26(a) through (l) show examples of dividing patterns 
in the case where one pixel area is divided into four liquid 
crystal domains and the four liquid crystal domains are 
located in a matrix of 2 rowsX2 columns. 

FIGS. 27(a) through (l) respectively show structures 
obtained by providing ribs in areas where a first type of dark 
line appears in the dividing patterns shown in FIG. 23(a) 
through (l). 
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FIGS. 28(a) through (l) respectively show structures 

obtained by providing ribs in areas where the first type of dark 
line appears in the dividing patterns shown in FIG. 24(a) 
through (l). 

FIGS. 29(a) through (l) respectively show structures 
obtained by providing ribs in areas where the first type of dark 
line appears in the dividing patterns shown in FIG. 25(a) 
through (l). 

FIGS. 30(a) through (l) respectively show structures 
obtained by providing ribs in areas where the first type of dark 
line appears in the dividing patterns shown in FIG. 26(a) 
through (l). 

FIGS. 31(a) through (g) show a light irradiation method for 
realizing a certain dividing pattern. 

FIGS. 32(a) through (g) show a light irradiation method for 
realizing a certain dividing pattern. 

FIGS. 33(a) through (h) show examples of preferable 
dividing patterns. 

FIGS. 34(a) through (d) show examples of more preferable 
dividing patterns. 

DESCRIPTION OF EMBODIMENTS 

According to the present invention, in a liquid crystal dis 
play device including a vertical alignment type liquid crystal 
layer in which the pretilt direction is defined by alignment 
films, a rib is provided in an area where a dark line appears. 
The provision of the rib suppresses the appearance of the dark 
line and improves the transmittance. As a result of detailed 
studies, the present inventors found that there are two types of 
dark lines: a dark line which is sufficiently suppressed by the 
provision of a rib, and a dark line which is not easily Sup 
pressed even by the provision of a rib. According to the 
present invention, a rib for Suppressing the appearance of at 
least the former type of dark line is provided to effectively 
improve the transmittance. Hereinafter, embodiments of the 
present invention will be described. In the following descrip 
tion, a TFT-type liquid crystal display device will be shown as 
a typical example, but the present invention is applicable to 
any other driving method of liquid crystal display devices, 
needless to say. 

First, main terms used in this specification will be 
explained. 

In this specification, the term “vertical alignment type liq 
uid crystal layer” refers to a liquid crystal layer in which 
liquid crystal molecules are aligned at an angle of about 85° 
or greater with respect to Surfaces of the vertical alignment 
films. The liquid crystal molecules contained in the vertical 
alignment type liquid crystal layer have a negative dielectric 
anisotropy. By a combination of the vertical alignment type 
liquid crystal layer and a pair of polarizing plates facing each 
other with the liquid crystal layer interposed therebetween 
and located in crossed Nicols (i.e., located Such that transmis 
sion axes thereof are generally perpendicular to each other), 
normally black mode display is provided. 

In this specification, the term “pixel refers to the mini 
mum unit which represents a particular gray Scale level in 
display. In color display, a pixel corresponds to a unit repre 
senting, for example, a gray scale level of each of R, G and B, 
and is also referred to as a "dot'. A combination of an R pixel, 
a G pixel and a B pixel forms one color display pixel. The term 
“pixel area” refers to an area of the liquid crystal display 
device which corresponds to the “pixel for display. 
The term “pretilt direction” refers to an alignment direction 

of a liquid crystal molecule defined by an alignment film and 
is an azimuthal angle direction in the display plane. An angle 
of the liquid crystal molecule with respect to the surface of the 
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alignment film when the liquid crystal molecule is aligned in 
the pretilt direction is referred to as the “pretilt angle'. In this 
specification, performing processing on the alignment film to 
allow the alignment film to express a capability of defining a 
prescribed pretilt direction is expressed as 'giving a pretilt 
direction to the alignment film'. The pretilt direction defined 
by the alignment film is occasionally referred to simply as the 
“pretilt direction of the alignment film. The pretilt direction 
is given to the alignment film by, for example, rubbing pro 
cessing or optical alignment processing described later. 
By changing the combination of the pretilt directions given 

by a pair of alignment films facing each other with the liquid 
crystal layer interposed therebetween, a 4-domain structure 
can be formed. A pixel area divided into four has four liquid 
crystal domains. 

Each liquid crystal domain is characterized by the tilt 
direction (also referred to as the “reference alignment direc 
tion') of the liquid crystal molecules at the center or in the 
vicinity thereof in the layer plane and in a thickness direction 
of the liquid crystal layer when a Voltage is applied to the 
liquid crystal layer. This tilt direction (reference alignment 
direction) has a dominant influence on the viewing angle 
dependence of each domain. This tilt direction is also an 
azimuthal angle direction. The reference based on which the 
azimuthal angle direction is measured is the horizontal direc 
tion of the display plane, and the counterclockwise direction 
is the forward direction (assuming the display plane is the 
face of a clock, the 3 o'clock direction is an azimuthal angle 
of 0° and the counterclockwise direction is the forward direc 
tion). Where the tilt directions of the four liquid crystal 
domains are set such that a difference between any two tilt 
directions among the four tilt directions is approximately 
equal to an integral multiple of 90° (e.g., 12 o'clock direction, 
9 o'clock direction, 6 o'clock direction and 3 o'clock direc 
tion), the viewing angle characteristics are averaged and thus 
good display can be provided. From the viewpoint of uni 
formizing the viewing angle characteristics, it is preferable 
that the area sizes of the four liquid crystal domains in the 
pixel area are approximately equal to each other. Specifically, 
it is preferable that a difference between the area size of the 
largest liquid crystal domain and the area size of the Smallest 
liquid crystal domain among the four liquid crystal domains 
is 25% or less of the area size of the largest liquid crystal 
domain. 
A vertical alignment type liquid crystal layer shown as an 

example in the following embodiments contains liquid crys 
tal molecules having a negative dielectric anisotropy (anem 
atic liquid crystal material having a negative dielectricanisot 
ropy). The pretilt direction defined by one of the alignment 
films and the pretilt direction defined by the other alignment 
film are different by 90° from each other. A direction at the 
middle between these two pretilt directions is defined as the 
tilt direction (reference alignment direction). No chiral agent 
is incorporated, and when a Voltage is applied to the liquid 
crystal layer, the liquid crystal molecules in the vicinity of the 
alignment films are twisted-aligned in accordance with the 
alignment regulation forces of the alignment films. When 
necessary, a chiral agent may be incorporated. AVA mode in 
which the liquid crystal molecules are twisted-aligned by use 
of a pair of vertical alignment films located such that the 
pretilt directions (alignment processing directions) thereof 
are perpendicular to each other is occasionally referred to as 
the “VATN (Vertical Alignment Twisted Nematic) mode. 

In the VATN mode, it is preferable that the pretilt angles 
respectively defined by the pair of alignment films are 
approximately equal to each other. When the pretilt angles are 
approximately equal to each other, there is an advantage that 
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8 
the display luminance characteristic can be improved. Espe 
cially where the difference between the pretilt angles is 1 or 
less, the tilt direction (reference alignment direction) of the 
liquid crystal molecules at the center or in the vicinity thereof 
of the liquid crystal layer can be controlled to be stable and 
thus the display luminance characteristic can be improved. A 
conceivable reason for this is that when the difference 
between the pretilt angles exceeds 1, the tilt direction is 
shifted from the prescribed direction, and as a result, an area 
having a transmittance lower than the desired transmittance is 
formed. 
Known methods for giving a pretilt direction to the align 

ment film include a method of performing rubbing process 
ing, a method of performing optical alignment processing, a 
method of forming a minute structure on a layer below the 
alignment film in advance and reflecting the minute structure 
on the surface of the alignment film, a method of obliquely 
vapor-depositing an inorganic Substance Such as SiO or the 
like to form an alignment film having a minute structure on a 
surface thereof, and the like. From the viewpoint of mass 
productivity, rubbing processing or optical alignment pro 
cessing is preferable. Especially, the optical alignment pro 
cessing, which can be performed in a non-contact manner, 
does not cause static electricity due to friction unlike the 
rubbing processing and so can improve the yield. Where an 
optical alignment film containing a photosensitive group is 
used, the variance in the pretilt angle can be controlled to be 
1 or less. It is preferable that the optical alignment film 
contains, as the photosensitive group, at least one selected 
from the group consisting of 4-chalcone group, 4'-chalcone 
group, coumarin group and cinnamoyl group. 
Now, a reason why a dark line appears in the vicinity of an 

edge portion of the electrode will be described. 
In a liquid crystal display device including a vertical align 

ment type liquid crystal layer in which the pretilt directions 
are defined by the alignment films, when a Voltage for dis 
playing an intermediate gray scale level is applied, an area 
darker than the intermediate gray scale level to be displayed 
(dark line) may appear in an area inner to an edge portion of 
the pixel area, generally parallel to the edge portion, as seen 
from the frontal direction. In the case where the pixel area is 
divided into domains, when any of edges of the pixel elec 
trode which are close to the liquid crystal domains has such an 
edge portion that an azimuthal angle direction perpendicular 
to the edge portion and directed to the inside of the pixel 
electrode has an angle exceeding 90° with respect to the tilt 
direction (reference alignment direction) of the correspond 
ing liquid crystal domain, a dark line appears inner to, and 
parallel to, this edge portion. This is conceived to occur 
because the tilt direction of the liquid crystal domain and the 
direction of the alignment regulation force caused by the 
oblique electric field generated at the edge of the pixel elec 
trode have components facing each other, and so the align 
ment of the liquid crystal molecules is disturbed in this area. 
A pixel area 10 shown in FIG. 1 having a 4-domain struc 

ture will be described. The pixel area 10 shown in FIG. 1 is 
generally square in correspondence to the generally square 
pixel electrode for simplifying the explanation, but the 
present invention is not limited to such a shape of the pixel 
area. The pixel area 10 may be generally rectangular. 
The pixel area 10 includes four liquid crystal domains A, B, 

C and D. The tilt directions (reference alignment directions) 
of the liquid crystal domains A, B, C and Dare respectively 
represented as t1, t2, t3 and ta. A difference between any two 
among these four directions is approximately equal to an 
integral multiple of 90°. In FIG. 1, the liquid crystal domains 
A, B, C and D have an equal area size to each other. The 
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example shown in FIG. 1 is the most preferable 4-domain 
structure from the viewpoint of the viewing angle character 
istics. The four liquid crystal domains A, B, C and D are 
located in a matrix of 2 rowsX2 columns. 
The pixel electrode has four edges (sides) SD1, SD2, SD3 

and SD4. The oblique electric fields generated when a voltage 
is applied each exhibit an alignment regulation force having a 
component of a direction (azimuthal angle direction) perpen 
dicular to the respective side and directed to the inside of the 
pixel electrode. In FIG. 1, the azimuthal angle directions 
respectively perpendicular to the four edges SD1, SD2, SD3 
and SD4 and directed to the inside of the pixel electrode are 
represented by arrows e1, e2, e3 and e4. 

Each of the four liquid crystal domains A, B, C and D is 
close to two among the four edges SD1, SD2, SD3 and SD4 
of the pixel electrode, and in the presence of a Voltage, 
receives alignment regulation forces caused by the oblique 
electric fields generated along the respective edges. 

Regarding an edge portion EG1 at one of the edges of the 
pixel electrode close to the liquid crystal domain A, the azi 
muthal angle direction e1 perpendicular to the edge portion 
EG1 and directed to the inside of the pixel electrode makes an 
angle exceeding 90° with respect to the tilt direction ti of the 
liquid crystal domain A. Therefore, alignment disturbance 
occurs. As a result, in the liquid crystal domain A, a dark line 
DL1 appears parallel to the edge portion EG1 when a voltage 
is applied. A pair of polarizing plates facing each other with 
the liquid crystal layer interposed therebetween are located 
Such that transmission axes (polarization axes) thereof are 
perpendicular to each other. More specifically, the polarizing 
plates are located Such that one of the transmission axes is 
parallel to the horizontal direction of the display plane, and 
the other transmission axis is parallel to the vertical direction 
to the display plane. Hereinafter, unless otherwise specified, 
the polarization axes of polarizing plates are located in this 
a. 

Similarly, regarding an edge portion EG2 at one of the 
edges of the pixel electrode close to the liquid crystal domain 
B, the azimuthal angle direction e2 perpendicular to the edge 
portion EG2 and directed to the inside of the pixel electrode 
makes an angle exceeding 90° with respect to the tilt direction 
t2 of the liquid crystal domain B. Therefore, alignment dis 
turbance occurs. As a result, in the liquid crystal domain B, a 
dark line DL2 appears parallel to the edge portion EG2 when 
a Voltage is applied. 

Similarly, regarding an edge portion EG3 at one of the 
edges of the pixel electrode close to the liquid crystal domain 
C, the azimuthal angle direction e3 perpendicular to the edge 
portion EG3 and directed to the inside of the pixel electrode 
makes an angle exceeding 90° with respect to the tilt direction 
t3 of the liquid crystal domain C. Therefore, alignment dis 
turbance occurs. As a result, in the liquid crystal domain C, a 
dark line DL3 appears parallel to the edge portion EG3 when 
a Voltage is applied. 

Similarly, regarding an edge portion EG4 at one of the 
edges of the pixel electrode close to the liquid crystal domain 
D, the azimuthal angle direction e4 perpendicular to the edge 
portion EG4 and directed to the inside of the pixel electrode 
makes an angle exceeding 90° with respect to the tilt direction 
t4 of the liquid crystal domain D. Therefore, alignment dis 
turbance occurs. As a result, in the liquid crystal domain D, a 
dark line DL4 appears parallel to the edge portion EG4 when 
a Voltage is applied. 
Where the azimuthal angle of the horizontal direction of 

the display plane (3 o'clock direction) is 0°, the tilt direction 
t1 of the liquid crystal domain A is a direction of about 225°. 
the tilt direction t2 of the liquid crystal domain B is a direction 
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10 
of about 315°, the tilt direction t3 of the liquid crystal domain 
C is a direction of about 45°, and tilt direction ta of the liquid 
crystal domain D is a direction of about 135°. Namely, the 
liquid crystal domains A, B, C and Dare located such that the 
tilt directions thereof are different by about 90° between 
adjacent domains among the liquid crystal domains A 
through D. The angles made between the tilt directions t1, t2, 
t3 and ta of the liquid crystal domains A, B, C and D and the 
azimuthal angle components e1, e2, e3 and e4 of the align 
ment regulation forces caused by the oblique electric fields 
generated in the edge portions EG1, EG2, EG3 and EG4 close 
to the liquid crystal domains A, B, C and D, respectively, are 
all about 135°. 
The dark lines DL1, DL2, DL3 and DL4 appearing in the 

pixel area 10 parallel to the edgeportions EG1, EG2, EG3 and 
EG4 respectively as described above lower the transmittance. 
FIG. 2 shows the transmittance of the pixel area 10 in the 
presence of a Voltage found by simulations. It is understood 
from FIG. 2 that the dark lines DL1, DL2, DL3 and DL4 
appear in the liquid crystal domains A, B, C and D and thus 
lower the transmittance. 
Now, with reference to FIG.3, a method for dividingapixel 

area to form domains will be described. FIGS. 3(a), (b) and 
(c) illustrate a method for dividing the pixel area 10 shown in 
FIG. 1. FIG.3(a) shows pretilt directions PA1 and PA2 of an 
alignment film provided on a TFT substrate (lower substrate), 
and FIG. 3(b) shows pretilt directions PB1 and PB2 of an 
alignment film provided on a color filter (CF) substrate (upper 
substrate). FIG. 3(c) shows the tilt directions and the dark 
lines DL1 through DL4 when a voltage is applied to the liquid 
crystal layer. These figures schematically show the alignment 
directions of the liquid crystal molecules as seen from the 
observer. A liquid crystal molecule is tilted such that an end 
(elliptical area) of the liquid crystal molecule shown as hav 
ing a cylindrical shape is closer to the observer. 
As shown in FIG.3(a), an area on the TFT substrate side 

(area corresponding to one pixel area 10) is divided into two, 
namely, a left area and a right area, and the vertical alignment 
film is alignment-processed such that the pretilt directions 
PA1 and PA2 antiparallel to each other are given to the respec 
tive areas (left area and right area) of the vertical alignment 
film. In this example, optical alignment processing is per 
formed by ultraviolet rays directed obliquely in the direction 
represented by the arrow. 
As shown in FIG. 3(b), an area on the CF substrate side 

(area corresponding to one pixel area 10) is divided into two, 
namely, a top area and a bottom area, and the vertical align 
ment film is alignment-processed such that the pretilt direc 
tions PB1 and PB2 antiparallel to each other are given to the 
respective areas (top area and bottom area) of the vertical 
alignment film. In this example, optical alignment processing 
is performed by ultraviolet rays directed obliquely in the 
direction represented by the arrow. 
By bringing together the TFT substrate and the CF sub 

strate alignment-processed as shown in FIGS. 3(a) and (b). 
the pixel area 10 divided to have domains as shown in FIG. 
3(c) can be formed. As can be seen from FIG.3(c), in each of 
the liquid crystal domains A, B, C and D, the pretilt direction 
of the alignment film on the TFT substrate and the pretilt 
direction of the alignment film on the CF substrate are differ 
ent by 90° from each other, and a direction at the middle of 
these two pretilt directions is defined as the tilt direction 
(reference alignment direction). 
As described above with reference to FIG. 1, the dark line 

DL1 appears in the liquid crystal domain A parallel to the 
edge portion EG1, and the dark line DL2 appears in the liquid 
crystal domain B parallel to the edge portion EG2. The dark 
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line DL3 appears in the liquid crystal domain C parallel to the 
edge portion EG3, and the dark line DL4 appears in the liquid 
crystal domain D parallel to the edge portion EG4. The dark 
line DL1 and the dark line DL3 are generally parallel to the 
vertical direction of the display plane, and the dark line DL2 
and the dark line DL4 are generally parallel to the horizontal 
direction of the display plane. Namely, the edge portion EG1 
and the edge portion EG3 are generally parallel to the vertical 
direction of the display plane, and the edge portion EG2 and 
the edge portion EG4 are generally parallel to the horizontal 
direction of the display plane. 
The method for dividing one pixel into four liquid crystal 

domains A through D (locations of the liquid crystal domains 
A through D in the pixel area) is not limited to the example 
shown in FIG. 3. 

For example, by bringing together the TFT substrate and 
the CF substrate alignment-processed as shown in FIGS. 4(a) 
and (b), a pixel area 20 divided to have domains as shown in 
FIG. 4(c) can beformed. Like the pixel area 10, the pixel area 
20 includes four liquid crystal domains A through D. The tilt 
directions of the liquid crystal domains A through D are the 
same as those of the liquid crystal domains A through D in the 
pixel area 10. 

It should be noted that in the pixel area 10, the liquid crystal 
domains A through D are located in the order of top left, 
bottom left, bottom right and top right (i.e., counterclockwise 
from top left); whereas in the pixel area 20, the liquid crystal 
domains A through D are located in the order of bottom right, 
top right, top left and bottom left (i.e., counterclockwise from 
bottom right). A reason for this is that the pretilt directions of 
the left area and the right area on the TFT substrate side are 
opposite, and the pretilt directions of the top area and the 
bottom area on the CF substrate side are opposite, between 
the pixel area 10 and the pixel area 20. The dark lines DL1 and 
DL3 appearing in the liquid crystal domains A and C are 
generally parallel to the horizontal direction of the display 
plane, and the dark lines DL2 and DL4 appearing in the liquid 
crystal domains B and C are generally parallel to the vertical 
direction of the display plane. Namely, the edge portions EG1 
and EG3 are generally parallel to the horizontal direction of 
the display plane, and the edge portions EG2 and EG4 are 
generally parallel to the vertical direction of the display plane. 
By bringing together the TFT substrate and the CF sub 

strate alignment-processed as shown in FIGS. 5(a) and (b), a 
pixel area 30 divided to have domains as shown in FIG. 5(c) 
can be formed. Like the pixel area 10, the pixel area 30 
includes four liquid crystal domains A through D. The tilt 
directions of the liquid crystal domains A through D are the 
same as those of the liquid crystal domains A through D in the 
pixel area 10. 

It should be noted that in the pixel area 30, the liquid crystal 
domains A through D are located in the order of top right, 
bottom right, bottom left and top left (i.e., clockwise from top 
right). A reason for this is that the pretilt directions of the left 
area and the right area on the TFT substrate side are opposite 
between the pixel area 10 and the pixel area 30. 

In the pixel area 30, no dark line appears in the liquid 
crystal domains A and C. A reason for this is that any of the 
edges of the pixel electrode close to the liquid crystal domains 
A and C does not have such an edge portion that the azimuthal 
angle direction perpendicular to the edge portion and directed 
to the inside of the pixel electrode has an angle exceeding 90° 
with respect to the corresponding tilt direction. By contrast, 
the dark lines DL2 and DL4 appear in the liquid crystal 
domains B and D. A reason for this is that each of the edges of 
the pixel electrode close to the liquid crystal domains Band D 
has such an edge portion that the azimuthal angle direction 
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12 
perpendicular to the edge portion and directed to the inside of 
the pixel electrode has an angle exceeding 90° with respect to 
the corresponding tilt direction. The dark lines DL2 and DL4 
respectively include portions DL2(H) and DL4(H) parallel to 
the horizontal direction and portions DL2(V) and DL4(V) 
parallel to the vertical direction. A reason for this is that the tilt 
direction of each of the liquid crystal domains B and D has an 
angle exceeding 90° with respect to both of an azimuthal 
angle direction perpendicular to the horizontal edge and 
directed to the inside of the pixel electrode and an azimuthal 
angle direction perpendicular to the vertical edge and directed 
to the inside of the pixel electrode. 
By bringing together the TFT substrate and the CF sub 

strate alignment-processed as shown in FIGS. 6(a) and (b), a 
pixel area 40 divided to have domains as shown in FIG. 6(c) 
can be formed. Like the pixel area 10, the pixel area 40 
includes four liquid crystal domains A through D. The tilt 
directions of the liquid crystal domains A through D are the 
same as those of the liquid crystal domains A through D in the 
pixel area 10. 

It should be noted that in the pixel area 40, the liquid crystal 
domains A through Dare located in the order of bottom left, 
top left, top right and bottom right (i.e., clockwise from bot 
tom left). A reason for this is that the pretilt directions of the 
top area and the bottom area on the CF substrate side are 
opposite between the pixel area 10 and the pixel area 40. 

In the pixel area 40, no dark line appears in the liquid 
crystal domains B and D. A reason for this is that any of the 
edges of the pixel electrode close to the liquid crystal domains 
Band D does not have Such an edge portion that the azimuthal 
angle direction perpendicular to the edge portion and directed 
to the inside of the pixel electrode has an angle exceeding 90° 
with respect to the corresponding tilt direction. By contrast, 
the dark lines DL1 and DL3 appear in the liquid crystal 
domains A and C. A reason for this is that each of the edges of 
the pixel electrode close to the liquid crystal domains A and C 
has such an edge portion that the azimuthal angle direction 
perpendicular to the edge portion and directed to the inside of 
the pixel electrode has an angle exceeding 90° with respect to 
the corresponding tilt direction. The dark lines DL1 and DL3 
respectively include portions DL1(H) and DL3(H) parallel to 
the horizontal direction and portions DL1(V) and DL3(V) 
parallel to the vertical direction. A reason for this is that the tilt 
direction of each of the liquid crystal domains A and Chas an 
angle exceeding 90° with respect to both of an azimuthal 
angle direction perpendicular to the horizontal edge and 
directed to the inside of the pixel electrode and an azimuthal 
angle direction perpendicular to the vertical edge and directed 
to the inside of the pixel electrode. 

FIG. 7 is a cross-sectional view showing a part of a pixel 
area, and shows the alignment directions of the liquid crystal 
molecules and the relative transmittance (frontal direction) 
which were found by simulations. FIG. 7 shows, as elements 
of a liquid crystal display device, a TFT substrate 1 including 
a transparent plate (e.g., glass plate) 1a and a pixel electrode 
11 formed on the transparent plate 1a, a CF substrate 2 includ 
ing a transparent plate (e.g., glass plate) 2a and a counter 
electrode 2a formed on the transparent plate 2a, a vertical 
alignment type liquid crystal layer 3 provided between the 
TFT substrate 1 and the CF substrate 2, and liquid crystal 
molecules 3a contained in the liquid crystal layer 3. 

FIG. 7 corresponds for example, a cross-sectional view of 
the left half of the liquid crystal domain A shown in FIG.3(c) 
taken along a line having an azimuthal angle of 0°. On Sur 
faces of the TFT substrate 1 and the CF substrate 2 on the 
liquid crystal layer 3 side, a pair of Vertical alignment films 
(not shown) are provided. The pair of vertical alignment films 
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are respectively alignment-processed as shown in FIGS. 3(a) 
and (b). Therefore, as in an area R1 enclosed by the dashed 
line in FIG. 7, the liquid crystal molecules 3a at the center and 
in vicinity thereof of the liquid crystal domain A (at the center 
and in vicinity thereof in the layer plane and in the thickness 
direction) obliquely fall such that a lower end thereof is right 
and away from the observer of the figure and an upper end 
thereof is left and directed toward the observer of the figure. 
The tilt direction thereof is an azimuthal angle of about 225°. 

Regarding the edge portion EG1 of the pixel electrode 11 
shown in FIG. 7, it is seen that a liquid crystal molecules 3a, 
which should be tilted at a direction of 135°, are twisted as 
being closer to the edge portion EG1 of the pixel electrode 11 
by the influence of the alignment regulation force (acting so 
as to cause the liquid crystal molecules 3a to fall in the 
azimuthal angle direction of 0°) caused by the oblique electric 
field generated in the edge portion EG1. In this example, the 
twisting angle is 135°, which exceeds 90°. Therefore, due to 
a change of the retardation of the liquid crystal layer 3 in this 
twist area, the relative transmittance is changed in a compli 
cated manner as shown in this figure, and a portion having the 
minimum relative transmittance is formed in the pixel area 10 
(inner to the edge of the pixel electrode 11). This portion is in 
an area R2 enclosed by the dashed line in FIG. 7, and corre 
sponds to the dark line DL1 in the liquid crystal domain A in 
FIG. 3(c). 

FIG. 8 is a top view of the area shown in FIG. 7, schemati 
cally showing the alignment of the liquid crystal molecules 3a 
at the center and in the vicinity thereof in the thickness direc 
tion of the liquid crystal layer 3. As can be seen from FIG. 8, 
at the center and in the vicinity thereof of the liquid crystal 
domain A, the liquid crystal molecules 3a fall in the desired 
tilt direction, namely, in a direction of about 135°. By con 
trast, on the edge portion EG1 of the pixel electrode 11, the 
liquid crystal molecule 3a falls in a direction perpendicular to 
the edge portion EG1 and directed to the center of the pixel 
area 10, namely, in a direction of about 0°, by the alignment 
regulation force of the oblique electric field. Accordingly, the 
liquid crystal molecules 3a located between these areas fall 
Such that the change of the alignment direction of the liquid 
crystal molecules 3a is continuous between the center and the 
vicinity thereof of the liquid crystal domain A and the edge 
portion EG1 of the pixel electrode 11. As a result, as shown in 
FIG. 8, there is a liquid crystal molecule 3a falling in a 
direction of about 270° (toward the observer of FIG. 7) inner 
to the edge portion EG1. Such an alignment direction of the 
liquid crystal molecules 3a is parallel to, or perpendicular to, 
the transmission axes of the pair of polarizing plates. There 
fore, the area in which the liquid crystal molecules 3a are 
aligned in this manner (area R2 enclosed by the dashed line in 
FIG. 8) does not give any retardation to light passing the 
liquid crystal layer 3 almost at all, namely, appears as the dark 
line DL1. 

In the above, a condition under which the dark line appears 
is described as that the azimuthal angle direction perpendicu 
lar to the edge portion of the pixel electrode and directed to the 
inside of the pixel electrode has an angle exceeding 90° with 
respect to the tilt direction (reference alignment direction) of 
the corresponding liquid crystal domain. More precisely, 
there are two conditions under which a dark line appears. 
Namely, there are two types of dark lines which appear under 
different conditions. The “first type of dark line appears in 
the vicinity of Such an edge portion that the azimuthal angle 
component of the alignment regulation force caused by the 
oblique electric field generated in the vicinity of the edge 
portion and the azimuthal angle component of the alignment 
regulation force caused by the alignment film on the CF 
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Substrate are opposite to each other. By contrast, the 'second 
type of dark line appears in the vicinity of Such an edge 
portion that the azimuthal angle component of the alignment 
regulation force caused by the oblique electric field generated 
in the vicinity of the edge portion and the azimuthal angle 
component of the alignment regulation force caused by the 
alignment film on the TFT substrate are opposite to each 
other. 

For example, in the pixel area 10 shown in FIG. 3(c), the 
darklines DL1 and DL3 are the first type of darklines, and the 
dark lines DL2 and DL4 are the second type of dark lines. In 
the pixel area 20 shown in FIG. 4(c), the dark lines DL2 and 
DL4 are the first type of darklines, and the darklines DL1 and 
DL3 are the second type of dark lines. In the pixel area 30 
shown in FIG. 5(c), the portions DL2(V) and DL4(V), paral 
lel to the vertical direction, of the dark lines DL2 and DL4 are 
the first type of dark lines, and the portions DL2(H) and 
DL4(H), parallel to the horizontal direction, of the dark lines 
DL2 and DL4 are the second type of dark lines. In the pixel 
area 40 shown in FIG. 6(c), the portions DL1(V) and DL3(V), 
parallel to the vertical direction, of the dark lines DL1 and 
DL3 are the first type of dark lines, and the portions DL1(H) 
and DL1(H), parallel to the horizontal direction, of the dark 
lines DL1 and DL1 are the second type of dark lines. 
Now, with reference to FIG. 9 and FIG. 10, a specific 

structure of a liquid crystal display device 100 in this embodi 
ment will be described. FIG. 9 is a plan view schematically 
showing one pixel area 10 of the liquid crystal display device 
100, and FIG. 10 is a cross-sectional view taken along line 
10A-10A in FIG. 9. 
As shown in FIG. 10, the liquid crystal display device 100 

includes a vertical alignment type liquid crystal layer 3, and a 
TFT substrate (also referred to as the “active matrix sub 
strate” occasionally) 1 and a CF substrate (also referred to as 
the “counter substrate occasionally) 2 facing each other with 
the liquid crystal layer 3 interposed therebetween, a pixel 
electrode 11 included in the TFT substrate 1 on the liquid 
crystal layer 3 side, and a counter electrode 21 included in the 
CF substrate 2 on the liquid crystal layer 3 side. 
The liquid crystal layer 3 contains liquid crystal molecules 

having a negative dielectricanisotropy. The pixel electrode 11 
is provided on a transparent plate (e.g., glass plate) 1a, and the 
counter electrode 21 is provided on a transparent plate (e.g., 
glass plate) 2a. 
A first alignment film 12 is provided between the pixel 

electrode 11 and the liquid crystal layer 3, and a second 
alignment film 22 is provided between the counter electrode 
21 and the liquid crystal layer3. A pair of polarizing plates 13 
and 23 are provided so as to face each other with the liquid 
crystal layer 3 interposed therebetween. The pair of polariz 
ing plates 13 and 23 are located Such that transmission axes 
(polarization axes) thereof are generally perpendicular to 
each other. 
The liquid crystal display device 100 includes a plurality of 

pixel areas 10 located in a matrix. As shown in FIG.9, each 
pixel area 10 is divided into domains like the pixel area 10 
shown in FIG. 3(c). Namely, the pixel area 10 includes four 
liquid crystal domains A through D respectively having tilt 
directions of about 225°, about 315°, about 45° and about 
135° when a voltage is applied between the pixel electrode 11 
and the counter electrode 21. The transmission axis of one of 
the pair of polarizing plates 13 and 23 is generally parallel to 
the horizontal direction of the display plane, and the trans 
mission axis of the other polarizing plate is generally parallel 
to the vertical direction of the display plane. Accordingly, the 
tilt directions of the liquid crystal domains A through D each 
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have an angle of about 45° with respect to the transmission 
axes of the polarizing plates 13 and 23. 

In FIG. 9, in areas corresponding to the liquid crystal 
domains A through D, the pretilt directions of the first align 
ment film 12 are represented by the dashed line arrows, and 
the pretilt directions of the second alignment film 22 are 
represented by the solid line arrows. These arrows represent 
ing the pretilt directions show that the liquid crystal mol 
ecules are pretilted such that the end on the arrow tip side is 
farther from the substrate (substrate on which the respective 
alignment film is provided) than the end on the opposite side. 
In the area corresponding to each of the liquid crystal domains 
A through D, the pretilt direction of the first alignment film 12 
and the pretilt direction of the second alignment film 22 are 
different by about 90° from each other. It is preferable that the 
pretilt angle defined by the first alignment film 12 and the 
pretilt angle defined by the second alignment film 22 are 
approximately equal to each other as described above. 

In the liquid crystal display device 100 in this embodiment, 
as shown in FIG. 9 and FIG. 10, the CF substrate 2 includes 
ribs 24 (protrusions) provided in areas corresponding to the 
edge portions EG1 and EG3. As shown in FIG.10, each rib 24 
includes two side faces 24a and 24b inclining with respect to 
the Surface of the plate 2a and an apex (ridgeline) 24c defined 
between the side faces 24a and 24b, and extends generally 
parallel to the edge portions EG1 and EG3. Hereinafter, the 
side face 24a located at a relatively inner position will be also 
referred to as the “inner side face', and the side face 24b 
located at a relatively outer position will be also referred to as 
the “outer side face'. 

The rib 24 exhibits an alignment regulation force of align 
ing the liquid crystal molecules generally vertically to the side 
Surfaces 24a and 24b, namely, an alignment regulation force 
of causing the liquid crystal molecules to fall in a direction 
generally perpendicular to the direction in which the rib 24 
extends. For example, the inner side face 24a of the rib 24 
shown in FIG.10 (rib provided in an area corresponding to the 
edge portion EG1) acts to cause the liquid crystal molecules 
in the vicinity thereofto fall counterclockwise in FIG.10, and 
the outer side face 24b acts to cause the liquid crystal mol 
ecules in the vicinity thereof to fall clockwise in FIG. 10. 
As described above with reference to FIG. 1, according to 

the multi-domain structure in the pixel area 10, the tilt direc 
tion of the liquid crystal domain A has an angle exceeding 90° 
with respect to the azimuthal angle direction perpendicular to 
the edge portion EG1 and directed to the inside of the pixel 
electrode 11 (direction e1 in FIG. 1). The tilt direction of the 
liquid crystal domain C has an angle exceeding 90° with 
respect to the azimuthal angle direction perpendicular to the 
edge portion EG3 and directed to the inside of the pixel 
electrode 11 (direction e3 in FIG.1). Therefore, in the vicinity 
of the edge portions EG1 and EG3, the dark line would appear 
if no measure was taken. 
The azimuthal angle component of the alignment regula 

tion force caused by the oblique electric field generated in the 
vicinity of the edge portion EG1 (direction e1 in FIG. 1) and 
the azimuthal angle component of the alignment regulation 
force caused by the second alignment film 22 in the area 
corresponding to the liquid crystal domain A are opposite to 
each other. It should be noted that the azimuthal angle com 
ponent of the alignment regulation force caused by the second 
alignment film 22 can be represented by an arrow opposite to 
the pretilt directions of the second alignment film 22 repre 
sented by the solid line arrows in FIG. 9 (by contrast, the 
azimuthal angle component of the alignment regulation force 
caused by the first alignment film 12 can be represented by an 
arrow in the same direction as the pretilt directions of the first 
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alignment film 12 represented by the dashed line arrows in 
FIG.9). Accordingly, as long as the azimuthal angle direction 
perpendicular to the edge portion and directed to the inside of 
the pixel electrode 11 and the pretilt direction of the second 
alignment film 22 are the same as each other, it can be con 
sidered that the azimuthal angle component of the alignment 
regulation force caused by the oblique electric field and the 
azimuthal angle component of the alignment regulation force 
caused by the second alignment film 22 are opposite to each 
other. Like in the vicinity of the edge portion EG1, the azi 
muthal angle component of the alignment regulation force 
caused by the oblique electric field generated in the vicinity of 
the edge portion EG3 (direction e3 in FIG. 1) and the azi 
muthal angle component of the alignment regulation force 
caused by the second alignment film 22 in the area corre 
sponding to the liquid crystal domain C are opposite to each 
other. Therefore, in the vicinity of the edge portions EG1 and 
EG3, the first type of dark line would appear if no measure 
was taken. 

In the liquid crystal display device 100 in this embodiment, 
the CF substrate 2 includes the ribs 24 in areas in which the 
first type of dark line would appear if no measure was taken. 
The alignment regulation force of the inner side face 24a of 
the rib 24 has an azimuthal angle component in the same 
direction as the azimuthal angle component of the alignment 
regulation force caused by the second alignment film 22. 
Namely, the inner side face 24a of the rib 24 exhibits an 
alignment regulation force matching the alignment regulation 
force caused by the second alignment film 22. Therefore, in 
the liquid crystal display device 100 in this embodiment, in 
the areas in which the first type of dark line would appear if no 
measure was taken, the alignment regulation force exerted on 
the liquid crystal layer 3 from the CF substrate 2 side can be 
strengthened. Hence, the appearance of the dark line (first 
type of dark line) can be suppressed. 

FIG.11 shows the alignment directions of the liquid crystal 
molecules 3a and the relative transmittance (frontal direction) 
which were found by simulations performed on the pixel area 
10 in the liquid crystal display device 100. FIG. 11 corre 
sponds to a cross-sectional view of the left half of the liquid 
crystal domain Ataken along a line having an azimuthal angle 
of O. 
As can be seen from FIG. 11, in the case where the CF 

substrate 2 includes a rib 24, as compared with the case where 
the CF substrate 2 includes no rib 24 (see FIG. 7), the area R2 
in which the liquid crystal molecules 3a fall toward the 
observer of the figure in the vicinity of the edge portion EG1 
(i.e., the liquid crystal molecules 3a are aligned in a direction 
parallel to, or perpendicular to, the transmission axis) is 
moved outward and is located approximately on the edge 
portion EG1. In addition, the width of such an area R2 is 
narrow. Accordingly, in a curve representing the relative 
transmittance (top of FIG. 11), a portion representing the 
minimum value is moved outward as compared with in FIG. 
7, and the width of a portion in which the relative transmit 
tance is dropped (lowered) is narrow. As described above, in 
the liquid crystal display device 100, the dark line is expelled 
outward and narrowed. Thus, the appearance of the dark line 
in the pixel area 10 is substantially prevented. Therefore, the 
transmittance is improved and so the display quality is 
improved. 
As described above, the rib 24 provides an effect of Sup 

pressing the appearance of the dark line owing to the align 
ment regulation force of the inner side face 24a. Therefore, it 
is preferable that the rib 24 is located such that at least a part 
of the inner side face 24a overlaps the pixel electrode 11 in 
order to sufficiently exert the alignment regulation force of 
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the inner side face 24a on the liquid crystal molecules in the 
vicinity of the edge portion. FIG. 12 shows the alignment 
directions of the liquid crystal molecules 3a and the relative 
transmittance (frontal direction) which were found by simu 
lations performed on the case where the rib 24 is located such 
that the inner side face 24a does not overlap the pixel elec 
trode 11 (such that the inner end of the rib 24 is located on the 
edge portion EG1). As can be seen from a comparison 
between FIG. 12 and FIG. 11, unless the inner side face 24a 
overlaps the pixel electrode 11, the area R2 in which the liquid 
crystal molecules 3a fall toward the observer of the figure 
(portion in which the relative transmittance has the minimum 
value) cannot be moved outward sufficiently. Therefore, the 
dark line cannot be expelled outward sufficiently, and so the 
effect of Suppressing the appearance of the dark line is 
decreased. As can be seen from this, it is preferable that the rib 
24 is located such that at least a part of the inner side face 24a 
overlaps the pixel electrode 11. 

Nonetheless, it is not necessary that the inner side face 24a 
of the rib 24 excessively overlaps the pixel electrode 11. FIG. 
13 shows the alignment directions of the liquid crystal mol 
ecules 3a and the relative transmittance (frontal direction) 
which were found by simulations performed on the case 
where the rib 24 is located such that the inner side face 24a 
entirely overlaps the pixel electrode 11 (such that the apex 24c 
of the rib 24 is located on the edge portion EG1). In this case, 
as shown in FIG. 13, the area R2 in which the liquid crystal 
molecules 3a fall toward the observer of the figure (portion in 
which the relative transmittance has the minimum value) can 
be moved outward sufficiently, and the width of the area R2 
(width of the portion in which the relative transmittance is 
dropped) is narrow. Therefore, the dark line can be made 
sufficiently thin and expelled outward sufficiently. However, 
as can be seen from a comparison between FIG. 13 and FIG. 
11, in the case of FIG. 13, there is an area in which the 
transmittance is slightly lowered inner to the area R2. A 
reason for this is that in the area having the rib 24, the liquid 
crystal layer 3 is made thinner by the height of the rib 24 and 
so the retardation given to light by the liquid crystal layer 3 is 
decreased. Another reason for this is that the pretilt angle of 
the liquid crystal molecules 3a in the vicinity of the rib 24 is 
different from the pretilt angle of the liquid crystal molecules 
3a on the second alignment film 22 in an area in which the rib 
24 is not provided. 
As understood from the above description made with ref 

erence to FIG. 12 and FIG. 13, it is preferable that the rib 24 
is located Such that the inner side face 24a partially overlaps 
the pixel electrode 11. In other words, it is preferable that the 
rib 24 is located as shown in FIG. 11 such that the apex 24c is 
located outer to the edge portion of the pixel electrode 11 and 
that the edge portion of the pixel electrode 11 overlaps the 
inner side face 24a. According to the studies of the present 
inventors, the overlapping width of the inner side face 24a of 
the rib 24 and the pixel electrode 11 is preferably Oum or 
greater from the viewpoint of sufficiently increasing the effect 
of Suppressing the appearance of the dark line, and is prefer 
ably 10 um or less from the viewpoint of Suppressing the 
reduction of the transmittance caused by the excessive over 
lap of the rib 24 and the pixel electrode 11. In consideration of 
these two viewpoints, it is most preferable that the overlap 
ping width of the inner side face 24a of the rib 24 and the pixel 
electrode 11 is about 5 um (more specifically, 2.5 um or 
greater and 7.5um or less). 

In the above, structures in which the rib 24 is provided in an 
area where the first type of dark line would appear. The rib 24 
may be provided also in an area where the second type of dark 
line is would appear. FIG. 14 shows a structure in which the 
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rib 24 is provided in the areas where the first type of dark line 
would appearand the areas where the second type of dark line 
would appear. 

In the structure shown in FIG. 14, the ribs 24 are provided 
in the areas corresponding to the edge portions EG1 and EG3 
and also in the areas corresponding to the edge portions EG2 
and EG4. The azimuthal angle component of the alignment 
regulation force caused by the oblique electric field generated 
in the vicinity of the edge portion EG2 (direction e2 in FIG. 1) 
and the azimuthal angle component of the alignment regula 
tion force caused by the first alignment film 12 in the area 
corresponding to the liquid crystal domain B are opposite to 
each other. As described above, the azimuthal angle compo 
nent of the alignment regulation force caused by the first 
alignment film 12 can be represented by an arrow in the same 
direction as the pretilt directions of the first alignment film 12 
represented by the dashed line arrows in FIG. 9. Like in the 
vicinity of the edge portion EG2, the azimuthal angle direc 
tion of the alignment regulation force caused by the oblique 
electric field generated in the vicinity of the edge portion EG4 
(direction e4 in FIG. 1) and the azimuthal angle direction of 
the alignment regulation force caused by the first alignment 
film 12 in the area corresponding to the liquid crystal domain 
Dare opposite to each other. Therefore, in the vicinity of the 
edge portions EG2 and EG4, the second type of dark line 
would appear if no measure was taken. 

FIG. 15 and FIG. 16 show the alignment directions of the 
liquid crystal molecules 3a and the relative transmittance 
(frontal direction) which were found by simulations respec 
tively performed on the case where the rib 24 is provided in 
the area corresponding to the edge portion EG2, and on the 
case where the rib 24 is not provided in such an area. FIG. 15 
corresponds to a cross-sectional view of the bottom half of the 
liquid crystal domain B in FIG.9 taken along a line having an 
azimuthal angle of 90°. FIG. 16 corresponds to a cross-sec 
tional view of the bottom half of the liquid crystal domain B 
in FIG. 14taken along a linehaving an azimuthalangle of 90°. 
As can be seen from a comparison between FIG. 15 and 

FIG. 16, even where the rib 24 is provided in the area corre 
sponding to the edge portion EG2, the area R2 in which the 
liquid crystal molecules 3a fall toward the observer of the 
figure is not moved outward almost at all. The width of the 
area R2 is not narrowed almost at all. Accordingly, in a curve 
representing the relative transmittance, a portion representing 
the minimum value is not moved outward almost at all, and 
the width of a portion in which the relative transmittance is 
dropped (lowered) is not narrowed almost at all. A reason for 
this is that in the area in which the second type of dark line 
appears, the azimuthal angle component of the alignment 
regulation force of the inner side face 24a of the rib 24 and the 
azimuthal angle component caused by the second alignment 
film 22 are not the same as each other (different by about 90° 
from each other), and therefore, even where the rib 24 is 
provided, the alignment regulation force exerted on the liquid 
crystal layer 3 from the CF substrate 2 is not strengthened. 

FIG. 17 shows the transmittance of the pixel area 10 shown 
in FIG. 14 in the presence of a voltage, which was found by 
simulations. It is understood from FIG. 17 that no dark line 
appears in the liquid crystal domains A and C (top left and 
bottom right liquid crystal domains in the figure), whereas the 
dark lines DL2 and DL4 appear in the liquid crystal domains 
B and D (bottom left and top right liquid crystal domains in 
the figure). 
As described above, even where the rib 24 is provided in 

the area where the second type of dark line appears, the effect 
of suppressing the dark line is small. Therefore, the rib 24 
may or may not be provided in the area where the second type 
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of dark line appears. By providing the rib 24 only in the area 
where the first type of dark line appears, the transmittance can 
be effectively improved. In the case where the rib 24 is pro 
vided also in the area where the second type of dark line 
appears, the transmittance may be rather lowered if the finish 
is slightly shifted from the design value. 
Now, a preferable height and a preferable width of the rib 

24 will be described. As shown in FIG. 18, in the area where 
the first type of dark line would appear, the rib 24 is provided 
Such that the apex 24c is 5um away from the edge portion of 
the pixel electrode 11. While the heighth and the width w of 
the rib 24 are changed, the ratioT/T0 of the transmittance T of 
the pixel area 10 with respect to the transmittance T0 when the 
rib 24 is not provided was calculated. The thickness (cell gap) 
d of the liquid crystal layer 3 was 3.4 um, and the width of the 
pixel area 10 was 60 lum. 

FIG. 19 and FIG. 20 show the relationship among the rib 
heighth, the rib width w, and the transmittance ratio T/T0. 
FIG. 19 is a graph in which the horizontal axis represents the 
rib heighth and the vertical axis represents the transmittance 
ratio T/T0. FIG. 20 is a graph in which the horizontal axis 
represents the rib width w and the vertical axis represents the 
transmittance ratio TIT0. In FIG. 19 and FIG. 20, a transmit 
tance ratio T/T0 exceeding 1 means that the transmittance is 
improved. As the value of T/T0 is larger, the degree of 
improvement is higher. 

It is understood from FIG. 19 and FIG. 20 that there is an 
overall tendency that when the rib 24 is provided, the trans 
mittance is basically improved, but where the rib 24 is too 
high or too wide, the transmittance is rather reduced. It is also 
understood that when the rib heighth is 3.2 Lum and the rib 
width w is 15um, the transmittance is most improved. 

It is also understood from FIG. 19 that where the rib width 
w is relatively small, the transmittance is more improved as 
the rib heighth is larger. It is also understood that where the 
rib width w is too large, the transmittance is lowered. This 
occurs for the reasons described above with reference to FIG. 
13. A reason is that in the area where the rib 24 is provided, the 
cell gap d is smaller by the height of the rib 24, and so the 
retardation given to light by the liquid crystal layer 3 is 
Smaller. Another reason is that the pretilt angle of the liquid 
crystal molecules 3a in the vicinity of the rib 24 is different 
from the pretilt angle of the liquid crystal molecules 3a on the 
second alignment film 22 in the area where the rib 24 is not 
provided. 

It is understood from FIG. 20 that where the rib height his 
relatively small, the transmittance is most improved when the 
rib width w is 20 Lum, and that where the rib height h is 
relatively large, the transmittance is most improved when the 
rib width w is 15 lum. Namely, FIG. 20 shows that it is 
effective to narrow the rib 24 as the rib 24 is higher. It is also 
understood that when the rib width w is changed, the trans 
mittance is rapidly changed. Especially where the rib heighth 
is relatively large, the dependence of the transmittance on the 
rib width w is conspicuous. Therefore, in consideration of 
various margins for mass production, it is preferable that the 
rib heighth is set to about 1.4 um to 2.6 um and the rib width 
w is set to about 15 um to 20 um, instead of the above 
mentioned optimum conditions (the rib height his 3.2 Lum and 
the rib width w is 15um). 
Now, results of a similar investigation performed on the 

case where the cell gap d is 3.2 m will be described. FIG.21 
and FIG.22 show the relationship among the rib heighth, the 
rib width w, and the transmittance ratio T/T0 at this cell gap. 
FIG. 21 is a graph in which the horizontal axis represents the 
rib heighth and the vertical axis represents the transmittance 
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ratio T/T0. FIG. 22 is a graph in which the horizontal axis 
represents the rib width w and the vertical axis represents the 
transmittance ratio TNT0. 

It is understood from FIG. 21 and FIG. 22 that in the case 
where the cell gap d is 3.2 Lum, Substantially the same ten 
dency is seen as in the case where the cell gap d is 3.4 um. It 
is also understood that the degree of improvement of the 
transmittance is higher in the case where the cell gap d is 3.4 
um. The conditions under which the transmittance is most 
improved in the case where the cell gap dis 3.2Lum are that the 
rib height his 3 um and the rib width w is 15um. However, in 
consideration of various margins for mass production, it is 
preferable that the rib height his set to about 1.2 Lum to 2.4 um 
and the rib width w is set to about 15um to 20 um, instead of 
Such optimum conditions. 
As a result of analyzing the calculation results shown in 

FIG. 19 through FIG. 22 in more detail, it was found that 
when the rib 24 fulfills a certain condition, an effect of 
improving the transmittance is provided. Specifically, the 
transmittance is improved (i.e., the transmittance ratio T/T0 
exceeds 1) when the heighth (Lm) and the width w (um) of the 
rib 24 and the thickness d (Lm) of the liquid crystal layer3 
fulfill the relationship of the following expression (1). 

5d exp(-0.18w)shs 12d exp(-0.13 w) (1) 

In consideration of restrictions for the actual production of 
the liquid crystal display device, it is preferable that the height 
h (Lm) and the width w (um) of the rib 24 and the thickness d 
(um) of the liquid crystal layer 3 further fulfill the relation 
ships of the following expressions (2), (3) and (4). 

2sds6 (2) 

10sw's30 (3) 

0.6shsd (4) 

In expression (4), the rib height h is 0.6 um or greater 
because when the rib height his less than 0.6 um, the align 
ment regulation force provided by the rib 24 is small and the 
effect of improving the transmittance is small. The rib height 
his equal to or less than the cell gap d because the rib height 
h cannot be equal to or greater than the cell gap d. 
The pattern of dividing the pixel area is not limited to the 

above-described patterns as examples. In the case where one 
pixel area is divided into four liquid crystal domains and the 
four liquid crystal domains are located in a matrix of 2 rowsX2 
columns, there are 48 dividing patterns as shown in FIG. 
23(a) through FIG. 26(l). In these figures, like in FIG. 9, in 
each of the areas corresponding to the liquid crystal domains, 
the pretilt directions of the first alignment film 12 are repre 
sented by the dashed line arrows, and the pretilt directions of 
the second alignment film 22 are represented by the solid line 
arrows. The dark lines appearing in the case where the ribs 24 
are not provided (both of the first type of dark lines and the 
second type of dark lines) are shown by solid lines in the 
vicinity of the edge portions of the pixel electrode 11. As 
shown in FIG. 23(a) through FIG. 26(1), the number and 
positions of the areas where the darklines appearare different 
for each dividing pattern. 

FIG. 27(a) through FIG.30(1) respectively show structures 
obtained by providing the ribs 24 in the areas where the first 
type of dark line appears in the dividing patterns shown in 
FIG. 23(a) through FIG. 26(1). In the dividing patterns in 
FIGS. 27(a), (b), (e) and (f), FIGS. 29(i) and (j), and FIGS. 
30(a) and (f), the ribs 24 are provided in all of the four liquid 
crystal domains because the first type of dark line would 
otherwise appear in all of the four liquid crystal domains. In 
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the dividing patterns in FIGS. 27(c), (d), (g) through (l), 
FIGS. 28(a) through (f), (i) and (j), FIGS. 29(a) through (f). 
(k) and (l), and FIGS. 30(b), (e) and (g) through (l), the ribs 24 
are provided in two among the four liquid crystal domains 
because the first type of dark line would otherwise appear in 5 
Such two liquid crystal domains. In the dividing patterns in 
FIGS. 28(g), (h), (k) and (I), FIGS. 29(g) and (h), and FIGS. 
30(c) and (d), the ribs 24 are not provided because the first 
type of dark line would not appear. 

In the case where optical alignment processing is per- 10 
formed as the alignment processing, it is preferable that a part 
of the 48 patterns shown in FIG. 23(a) through 26(l) are used. 
This will be described specifically, hereinafter. 

In order to realize the multi-domain structure by optical 
alignment processing, it is necessary to perform exposure in 15 
sections on an optical alignment film by use of an optical 
mask. The optical mask used in this operation includes striped 
light shielding portions. 

In order to realize the dividing pattern shown in, for 
example, FIG. 31(a) (same as the dividing pattern shown in 20 
FIG. 24(1)), it is necessary to give the pretilt direction shown 
in FIG. 31(b) to the second alignment film 22 on the CF 
substrate 2 and to give the pretilt direction shown in FIG. 
31(c) to the first alignment film 12 on the TFT substrate 1. 
Therefore, exposure in sections is performed on the CF sub- 25 
strate 2 side by use of a light shielding portion S of the optical 
mask provided as shown in FIG. 31(d), and exposure in sec 
tion is performed on the TFT substrate 1 side by use of the 
light shielding portion S of the optical mask provided as 
shown in FIG.31(e). As shown in FIGS. 31(f) and (g), light is 30 
directed in a direction oblique with respect to a direction 
perpendicular to the direction in which the light shielding 
portion S extends. Namely, the CF substrate 2 side is irradi 
ated with light directed in a direction oblique to the length 
direction (column direction) in the state where the light 35 
shielding portion S is located so as to extend in the transverse 
direction (row direction). The TFT substrate 1 side is irradi 
ated with light directed in a direction oblique to the transverse 
direction in the state where the light shielding portion S is 
located so as to extend in the length direction. 40 
By contrast, in order to realize the dividing pattern shown 

in, for example, FIG. 32(a) (same as the dividing pattern 
shown in FIG. 24(f)), it is necessary to give the pretilt direc 
tion shown in FIG. 32(b) to the second alignment film 22 on 
the CF substrate 2 and to give the pretilt direction shown in 45 
FIG. 32(c) to the first alignment film 12 on the TFT substrate 
1. Therefore, exposure in sections is performed on the CF 
substrate 2 side by use of the light shielding portion S of the 
optical mask provided as shown in FIG. 32(d), and exposure 
in sections is performed on the TFT substrate 1 side by use of 50 
the light shielding portion S of the optical mask provided as 
shown in FIG. 32(e). As shown in FIGS. 32(f) and (g), light is 
directed in a direction oblique with respect to a direction 
parallel to the direction in which the light shielding portion S 
extends. Namely, the CF substrate 2 side is irradiated with 55 
light directed in a direction oblique to the length direction in 
the state where the light shielding portion S is located so as to 
extend in the length direction. The TFT substrate 1 side is 
irradiated with light directed in a direction oblique to the 
transverse direction in the state where the light shielding 60 
portion S is located so as to extend in the transverse direction. 
As described above, the relationship between the direction 

in which the light shielding portion S of the optical mask 
extends and the light irradiation direction is different for each 
dividing pattern. In one case, light irradiation is performed in 65 
a direction oblique with respect to a direction perpendicular 
to the direction in which the light shielding portion S extends 

22 
(referred to as the “irradiation direction A' for the sake of 
convenience); and in the other case, light irradiation is per 
formed in a direction oblique with respect to a direction 
parallel to the direction in which the light shielding portion S 
extends (referred to as the “irradiation direction B for the 
sake of convenience). 
When the irradiation method A is used, there may be prob 

lems that the exposure position is shifted or exposure is not 
performed sufficiently due to a slight space between the opti 
cal mask and the substrate or diffraction. Therefore, it is 
preferable that a dividing pattern realized only by the irradia 
tion method B is used. 

Specifically, the dividing patterns realized only by the irra 
diation method B are eight patterns shown in FIGS. 33(a) 
through (h). In any of the dividing patterns shown in FIGS. 
33(a) through (h), the first type of dark line may appear in two 
among the four liquid crystal domains. Therefore, the ribs 24 
are provided in correspondence with Such two liquid crystal 
domains. The tilt directions of the two liquid crystal domains 
in which the ribs 24 are provided have an angle of about 180° 
with each other in any of the dividing patterns. 
The above description is made with an example of gener 

ally square pixel areas. However, actual pixel areas are typi 
cally rectangular with the length direction being longer. 
Namely, the width of the pixel area along the vertical direc 
tion of the display plane (typically, the direction in which the 
source bus lines extend) is more often larger than the width of 
the pixel area along the horizontal direction of the display 
plane (typically, the direction in which the gate bus lines 
extend). Accordingly, the effect of improving the transmit 
tance is greater where the ribs 24 are provided generally 
parallel to the vertical direction of the display plane than 
where the ribs 24 are provided generally parallel to the hori 
Zontal direction of the display plane. 

Namely, among the eight dividing patterns shown in FIGS. 
33(a) through (h), it is further preferable to use any of the four 
dividing patterns shown in FIGS. 34(a) through (d) in which 
the edge portions where the first type of dark line appears are 
generally parallel to the vertical direction of the display plane. 

INDUSTRIAL APPLICABILITY 

A liquid crystal display device according to the present 
invention is preferably usable for applications in which high 
quality display is demanded Such as TV receivers and the like. 

REFERENCE SIGNS LIST 

1 TFT substrate (active matrix substrate) 
1a, 2a Transparent plate 
2 CF substrate (counter substrate) 
3 Liquid crystal layer 
3a Liquid crystal molecules 
10, 20, 30, 40 Pixel area 
11 Pixel electrode 
12 First alignment film 
13, 23 Polarizing plate 
21 Counter electrode 
22 Second alignment film 
24 Rib 
24a Side face of the rib (inner side face) 
24b Side face of the rib (outer side face) 
24c Apex of the rib (ridgeline) 
100 Liquid crystal display device 
SD1 through SD4 Edge of the pixel electrode 
EG1 through EG4 Edge portion of the pixel electrode 
A through D Liquid crystal domain 
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t1 though ta. Tilt direction (reference alignment direction) 
e1 through e4 Azimuthal angle direction perpendicular to 

the edge of the pixel electrode and directed to the inside 
of the pixel electrode 

DL1 through DL4 Dark line 

The invention claimed is: 
1. A liquid crystal display device, comprising: 
a vertical alignment type liquid crystal layer; 
a first Substrate and a second Substrate facing each other 

with the liquid crystal layer interposed therebetween; 
a first electrode provided in the first substrate on the liquid 

crystal layer side and a second electrode provided in the 
second Substrate on the liquid crystal layer side; and 

a first alignment film provided between the first electrode 
and the liquid crystal layer and a second alignment film 
provided between the second electrode and the liquid 
crystal layer; 

wherein: 
the liquid crystal display device includes a plurality of 

pixel areas located in a matrix; 
each of the plurality of pixel areas includes a first liquid 

crystal domain in which a tilt direction of liquid crystal 
molecules at the center and in the vicinity thereof in a 
layer plane and in a thickness direction of the liquid 
crystal layer when a voltage is applied between the first 
electrode and the second electrode is a predetermined 
first direction, a second liquid crystal domain in which 
Such a tilt direction is a predetermined second direction, 
a third liquid crystal domain in which such a tilt direction 
is a predetermined third direction and a fourth liquid 
crystal domain in which Such a tilt direction is a prede 
termined fourth direction; a difference between any two 
among the first direction, the second direction, the third 
direction and the fourth direction is approximately equal 
to an integral multiple of 90°: 

the first liquid crystal domain is close to at least a part of 
edges of the first electrode, and the at least apart includes 
a first edge portion, wherein an azimuthal angle compo 
nent of an alignment regulation force caused by an 
oblique electric field generated in the vicinity of the first 
edge portion and an azimuthal angle component of an 
alignment regulation force caused by the second align 
ment film are opposite to each other, 

the second substrate includes a first rib provided in an area 
corresponding to the first edge portion; 

the first rib includes an inclining first side face, an inclining 
second side face located outer to the first side face, and 
an apex defined between the first side face and the sec 
ond side face; and 

the first rib is located such that the apex is located outer to 
the first edge portion and that the first edge portion 
overlaps the first side face. 

2. The liquid crystal display device of claim 1, wherein the 
first direction has an angle exceeding 90° with respect to an 
azimuthal angle direction perpendicular to the first edge por 
tion and directed to the inside of the first electrode. 

3. The liquid crystal display device of claim 1, wherein a 
heighth (Lm) of the first rib, a width w (Lm) of the first rib and 
a thickness d (um) of the liquid crystal layer fulfill the rela 
tionship of the following expression 1: 

5d exp(-0.18w)shs 12d exp(-0.13 w) (1). 

4. The liquid crystal display device of claim 3, wherein the 
heighth (um) of the first rib, the width w (Lm) of the first rib 
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and the thickness d (Lm) of the liquid crystal layer fulfill the 
relationships of the following expressions (2), (3) and (4): 

2sds6 (2) 

10sw's30 (3) 

0.6shsd (4). 

5. The liquid crystal display device of claim 1, wherein the 
first edgeportion is generally parallel to a vertical direction of 
a display plane. 

6. The liquid crystal display device of claim 1, wherein the 
second liquid crystal domain is close to at least a part of the 
edges of the first electrode, and the at least a part includes a 
second edge portion, wherein an azimuthal angle component 
ofan alignment regulation force caused by an oblique electric 
field generated in the vicinity of the second edge portion and 
an azimuthal angle component of an alignment regulation 
force caused by the second alignment film are opposite to 
each other; and 

the second Substrate includes a second rib provided in an 
area corresponding to the second edge portion. 

7. The liquid crystal display device of claim 6, wherein the 
first direction and the second direction make an angle of about 
180° with respect to each other. 

8. The liquid crystal display device of claim 6, wherein the 
first edge portion and the second edge portion are generally 
parallel to the vertical direction of the display plane. 

9. The liquid crystal display device of claim 1, wherein the 
first liquid crystal domain, the second liquid crystal domain, 
the third liquid crystal domain and the fourth liquid crystal 
domain are each adjacent to the others of the liquid crystal 
domains and are located in a matrix of 2 rowsX2 columns. 

10. The liquid crystal display device of claim 9, wherein 
the first liquid crystal domain, the second liquid crystal 
domain, the third liquid crystal domain and the fourth liquid 
crystal domain are located such that the tilt directions in 
adjacent liquid crystal domains among the first through fourth 
liquid crystal domains are different by 90° from each other. 

11. The liquid crystal display device of claim 10, wherein 
where an azimuthal angle of a horizontal direction of the 
display plane is 0°, the first direction is about 45°, about 135°, 
about 225 or about 315°. 

12. The liquid crystal display device of claim 1, further 
comprising a pair of polarizing plates facing each other with 
the liquid crystal layer interposed therebetween and located 
Such that transmission axes thereofare generally perpendicu 
lar to each other; 

wherein the first direction, the second direction, the third 
direction and the fourth direction each make an angle of 
about 45° with respect to the transmission axes of the 
pair of polarizing plates. 

13. The liquid crystal display device of claim 1, wherein: 
the liquid crystal layer contains the liquid crystal mol 

ecules having a negative dielectric anisotropy; and 
a pretilt direction defined by the first alignment film and a 

pretilt direction defined by the second alignment film are 
different by about 90° from each other. 

14. The liquid crystal display device of claim 1, wherein a 
pretilt angle defined by the first alignment film and a pretilt 
angle defined by the second alignment film are approximately 
equal to each other. 

15. The liquid crystal display device of claim 1, wherein 
the first alignment film and the second alignment film are each 
an optical alignment film. 
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16. A liquid crystal display device, comprising: direction and the fourth direction is approximately equal 
a vertical alignment type liquid crystal layer; to an integral multiple of 90°: 
a first Substrate and a second Substrate facing each other the first liquid crystal domain is close to at least a part of 

with the liquid crystal layer interposed therebetween; edges of the first electrode, and the at least a part includes 
a first electrode provided in the first substrate on the liquid 5 a first edge portion, wherein an azimuthal angle compo 

crystal layer side and a second electrode provided in the nent of an alignment regulation force caused by an 
oblique electric field generated in the vicinity of the first 
edge portion and an azimuthal angle component of an 
alignment regulation force caused by the second align 

10 ment film are opposite to each other, 
the second substrate includes a first rib provided in an area 

corresponding to the first edge portion; 
wherein a heighth (Lum) of the first rib, a width w ?um) of 

the liquid crystal display device includes a plurality of the first Sight A. S d (Lm) of the liquiSA 
pixel areas located in a matrix: 15 layer fulfill the relationship of the following expression 

each of the plurality of pixel areas includes a first liquid 1: 
crystal domain in which a tilt direction of liquid crystal 
molecules at the center and in the vicinity thereof in a 
layer plane and in a thickness direction of the liquid 17. The liquid crystal display device of claim 16, wherein 
crystal layer when a Voltage is applied between the first 20 the heighth (um) of the first rib, the width w (um) of the first 
electrode and the second electrode is a predetermined rib and the thickness d(um) of the liquid crystal layer fulfill 
first direction, a second liquid crystal domain in which the relationships of the following expressions (2), (3) and (4): 
Such a tilt direction is a predetermined second direction, 2sds6 (2) 
a third liquid crystal domain in which such a tilt direction 
is a predetermined third direction and a fourth liquid 25 
crystal domain in which Such a tilt direction is a prede- 0.6shsd (4). 
termined fourth direction; a difference between any two 
among the first direction, the second direction, the third k . . . . 

second Substrate on the liquid crystal layer side; and 
a first alignment film provided between the first electrode 

and the liquid crystal layer and a second alignment film 
provided between the second electrode and the liquid 
crystal layer; 

wherein: 

5d exp(-0.18w)shs 12d exp(-0.13 w) (1). 

10sw's30 (3) 


